The current study aimed to assess the microbial quality of municipal (tap) and ground (borehole) water in Karachi, Pakistan. A health survey was also conducted to assess possible health risks of the drinking water. Fifty water samples (n ¼ 25 each of tap and ground water) were collected from various locations of five administrative districts of Karachi for bacteriological analysis. In addition, a survey was conducted to assess the impact of drinking water on the health of city residents.
INTRODUCTION Background
Safe water for drinking purposes is a basic human right and provision of safe drinking water is one of the key objectives of sustainable development goals (Griggs et al. ) . Waterborne diseases are one of the critical public health problems globally that are largely preventable. Many waterborne illnesses arise mainly due to the lack of clean water for drinking and cooking purposes, whereas others are spread by poor sanitation and personal hygiene practices (Bain et al. ; Deshmukh et al. ) . There are multiple hazards that can contaminate water, but the physical, chemical and biological health hazards are the main ones (WHO ). However, microbiological quality of water is the most important aspect with respect to waterborne diseases (Bain et al. ) .
Safe drinking water supply in Pakistan
Unfortunately, most of the developing countries fail to provide safe drinking water to their citizens, which leads to an increased burden of infectious diseases in these parts of the world (Van Leeuwen ). In Pakistan, provision of safe drinking water, sanitation and hygiene are becoming serious public health issues (Daud et al. ) .
According to a recent study, an estimated 21 million people in Pakistan do not have access to safe water (WaterAid ). Moreover, diarrheal diseases caused by unsafe water and poor sanitation are the leading cause of mortality in infants and children in Pakistan (Rahman et al. ) . The major cities of Pakistan are facing the dilemma of both water scarcity and lack of clean drinking water. Karachi, the coastal megacity in southern Pakistan, is no exception (Memon et al. ) .
LITERATURE REVIEW
Since microbiological quality of drinking water has a critical impact on human health, several studies have been conducted to assess the quality of drinking water supplies in different parts of the world (Yassin et to water supply and security (Keys et al. ) . Current problems of rapid expansion and environmental pollution make it a highly significant area to be monitored for water quality (Qureshi ) . The assessment of the microbial quality of drinking water sources of Karachi is necessary to ensure the quality of drinking water in the city.
OBJECTIVES
1. This study aimed to determine the microbiological quality of tap and ground (borehole) water used in different administrative districts of Karachi for drinking purposes.
2. The study also assessed the prevalence of waterborne diseases, water consumption patterns and hygiene behavior of the city residents.
MATERIAL AND METHODS
The study aimed to assess the bacteriological quality of drinking water and its potential health effects on the residents of different districts of Karachi city. Data for both parts of the current study (i.e. bacteriological analysis of water samples and community survey for assessing the public health) were collected from various localities of five administrative districts of Karachi (i.e. Malir, East, West, Central and South) as shown in Figure 1 .
Water sample collection and bacteriological analysis
A total of 50 water samples (n ¼ 25 tap water coming from municipal water supply and n ¼ 25 ground water samples) were collected according to the standard protocol for the microbial examination of water (Liguori et al. ) . Prior to sample collection, the sampling site (taps) was cleaned with alcohol swabs and 500 ml of sample was collected in commercial sterile containers. Samples were kept and transported in ice boxes within 3 h of sampling to the water testing laboratory of the DOW University of Health Sciences, where they were stored at 4 C and were analyzed maximally within 72 h of receipt at the laboratory.
For microbiological analysis, total viable plate count (TVPC) was enumerated for all collected water samples using the standard pour plate technique. Briefly, 1 ml of water sample was mixed with nutrient agar and incubated at 37 C for 24 h. After incubation, all colonies were counted as colony forming unit per ml (CFU/ml) of the water sample.
Total coliforms, fecal coliform (Escherichia coli), fecal enterococci, fecal streptococci and Pseudomonas were enumerated using the membrane filtration method as described previously (Khatoon & Pirzada ; Liguori et al. ) .
Briefly, water samples (100 ml) were passed through a 0.45 μm filter using a vacuum pump. After filtration, filter 
Household-based survey
A survey-based study was conducted (n¼744) to collect the health-related information of the residents of all five city The survey was administered using convenience sampling by trained volunteers who visited different households and interviewed the participants who were above 18 years of age. Informed consent was taken from all the participants.
All study procedures were carried out in accordance with the 'ethical principles for medical research involving human subjects' of the Declaration of Helsinki.
RESULTS AND DISCUSSION

Results
Microbiological analysis
Microbial analyses of tap and ground water samples are shown in Tables 1 and 2 , respectively. Microbiological (CFU/100 ml)
Klebsiella spp.
(CFU/100 ml)
Pseudomonas spp.
(CFU/100 ml) quality was unacceptable in all tap water and in 92% (n ¼ 23)
of the ground water samples collected from different areas of the city. The samples did not comply with the standard guidelines of drinking water set by national and international bodies. In tap and ground water samples, TVPC at 37 C ranges from 35 to 250 CFU/ml and 0 to 150 CFU/ml, whereas total coliforms ranges from 0 to 150 CFU/100 ml and 0 to 200 CFU/100 ml, respectively.
All tap water samples (n ¼ 25) were contaminated with Pseudomonas spp., whereas none of the sample was found positive for Vibrio spp. Klebsiella spp. were positive in
in 20% (n ¼ 5) and Streptococci spp. in 4% (n ¼ 1) of collected tap water samples.
Similarly, ground water samples were predominantly contaminated with Pseudomonas spp. (88%, n ¼ 22), total coliforms were detected in 40% samples (n ¼ 10), E. coli
and Klebsiella in 36% (n ¼ 9). The depth of borehole water wells ranges from 35 to 250 feet, and no association was found between the degree of microbial load and depth of the wells.
Household-based community survey
A total of 744 city residents were interviewed from the five districts, among which 362 (48.6%) were females and 382 (51.3%) were males. The average age of the participants was 29.1 ± 11.2 years. Most of the participants (50.5%) were employed and the majority (71.2%) were perceived to have healthy body weight as shown in Table 3 .
The responses of the participants on various aspects of water consumption, sanitation and water-related diseases are summarized in Table 4 . When asked questions related to the supply and accessibility of drinking water, 83.8% of the respondents reported having access to the drinking water at their homes through municipal supply. The majority of the respondents treat water before consumption and the most preferred treatment option was boiling (60.3%). Most of the study subjects (88.1%) have access to a closed sewer toilet facility. However, around 6.2% of the interviewees defecated in open environment, mostly from the District Malir. Around 63.0% of the study subjects found their nearby localities clean.
When asked about their food consumption habits, 84.9% of participants showed a preference for the food prepared at home followed by 10.5% who bought outdoor food items for their daily meals. The majority of them followed the hygiene behavior and washed hands before eating (98.3%) and after using the toilets (99.6%).
When asked about waterborne diseases, the majority claimed to suffer from various waterborne diseases. Most commonly reported waterborne diseases include diarrhea and vomiting (38.0%), skin problems (11.7%) and malaria (10.8%). Additionally, other medical conditions including prolonged fever (9.5%), eye problems (7.7%) and jaundice (2.0%) were also reported. When asked about the pattern of waterborne diseases during different seasons, most repeatedly got ill in the summer and winter seasons with the frequency of 40.1% and 37.3%, respectively, while 1.9% remained healthy in all seasons.
Healthcare-seeking attitude and preferences of the study population were also recorded. The majority of the subjects received treatment at a local doctor's consultancy (46.6%),
followed by treatment at a local hospital (24.6%), while 19.3% of the studied subjects practiced self-medication.
Discussion
The study sought to determine the microbial quality of Pseudomonas aeruginosa is an opportunistic pathogen The majority of the study participants practiced numerous household water treatment procedures to prevent the risk of waterborne diseases. According to the community preferences, boiling of water was one of the most practiced methods for killing the waterborne pathogens. In this regard, educational and awareness programs are needed.
These programs should be conducted at different community levels to promote the best water boiling practices and their effectiveness in the improvement of microbiological quality of water and ultimately the health benefits to the residents. Limited data are available from Karachi about the seasonal variation and the timings and types of waterborne diseases.
There is a dire need to fill this gap to design the strategies to prevent the climatic influences on disease trends. 
CONCLUSION
In conclusion, a significant proportion (96%) of the collected samples did not comply with the standard guidelines which raise concern about the microbiological quality of drinking water available from different sources and highlight the importance of strict monitoring and control systems. Although E. coli and fecal Enterococci were absolutely absent in the majority of the tested samples (Tables 1 and 2 
RECOMMENDATIONS
Based on study results, immediate actions are recommended to ensure the supply of potable drinking water to the city residents. Our study did not examine the physical and chemical quality of drinking water, and further studies are needed to assess both the physico-chemical and microbiological quality of the city's drinking water supply and their impact on human health.
